The wind power available in the mountain and valley wind in the Nepal Himalayas is estimated through parametarization of the wind speed distribution by the Weibull distribution.
In case of the distribution of Y=Vn, Therefore, the statistical values of V3 are obtained from equations (5)- (7), if the wind speed distribution is given and c and k are determined from (2). Then the wind power is easily estimated from (1).
Wind energy in the Himalayas
The Himalayan climate has a marked distinction between the summer monsoon (June to September) and winter (November to March). The atmospheric circulation during the intermediate months resembles that in winter. The estimation of wind power in the Nepal Himalayas is made for three periods, the summer monsoon (June to September, 1974) , winter (November 1973 to February 1974 and pre-monsoon (April to May 1973 and 1974) . The actual wind speed distributions and the Weibull distributions fitted to them in these three periods are shown in Fig. 1 . Fittings are fairly good except during the summer monsoon. The Weibull parameters obtained from eq. (2), statislical values of wind from eqs. (3)- (7) and wind power estimated from eq. (1) and (6) for the 3 periods are listed in Table 1 . The air density used for the calculation is 0.7 x 10-3 gr/cm3 throughout the period. Since statistical values of wind in winter and the pre-monsoon are quite similar in Table 1 , wind power is also approximately the same in both periods. Mean power is almost twice that in the summer monsoon period. However, wind power in the summer might be underestimated, because actual wind speed has two peaks in the distribution of Fig. 1 and the primary maximum at 6 m/s is not well expressed by the Weibull distribution due to the existence of the secondary peak at 3 m/s, which is produced by the nocturnal wind.
To estimate the available wind energy extracted from an actual wind driven generator, the following performance characteristics are given. A wind generator has an output curve as shown in Fig. 2 . Vc, Vr, and Vf are called the cut-in speed, rated speed and furling (or cut-out) speed respectively and for usual wind mills, Vc= 3 -6 m/s, Vr= 7 -12 m/s and V1=20-30 m/s. Supposing the output energy between Vc and Vr to be expressed by a 2nd order equation for V, the usable energy in this range, (8) where Wr, the rated power, is the output driven by the rated speed; above Vr,
The total usable energy is;
The available wind power is calculated for two types of machines of equal rated power but of different Vc and Vr. Namely, type-1 has a Vc of 3.1 m/s and Vr of 10.3 m/s, but type-2 has a Vc of 3.0 m/s and Vr of 7.0 m/s. Examples of the former include Elektro (Switzerland) and Windcharger (U.S.A.), and of the latter, Aerowatt (France). Since the bland diameters of these machines are less than 3 m, observed wind speeds are used for the calculation without any adjustment for height. The ratios of W1, W2 and W3 to the rated power (Wr) are shown in Table 2 .
The total electric power (W3) extracted from type-2 is nearly 3 times larger than that from type-1 in all periods. The powers above the rated speed (W2) are one order of magnitude different in the two machines, because the duration of wind speed more than 10 m/s is only a few percent even in the pre-monsoon. Since the frequency distribution of the wind in a Himalayan valley is concentrated in a narrow range of wind speed, the machine should be carefully selected so that its rated speed approaches the wind speed of maximum distribution. The duration of wind speed less than cut-in speed was 21 % during the calculated period and that exceeding the furling speed (20 m/s) was observed for only between ten and twenty hours during three and a half years from April 1973 to October 1976.
4.
Summary and remarks
The estimation of wind energy in a Himalayan valley was made through fitting the Weibull distribution to the actual wind speed distribution. The fittings were good except in the summer monsoon period. The wind energy in the winter and pre-monsoon periods are twice that in the summer monsoon period. Since solar radiation also reaches its maximum in the pre-monsoon period (Inoue, 1976) , natural energy sources can be best utilized in this season.
The electric power extracted from different types of wind driven generators is also calculated. If the machine has a rated speed of 7 m/s, 49 % of the rated power in winter and 26 % in summer are extracted. Since the frequency distribution of wind speed in winter or pre-monsoon period has a maximum above this rated speed and the proportion of this duration during which the cut-in speed (3.0 m/s) is exceeded is 4/5, generation of electricity by wind power is expected to be utilized effectively in spite of low atmospheric pressure, if a machine of low rated speed is selected.
The technical problems in siting the wind mill are not discussed in this paper. However, the 
